The dynamics of biomass accumulation during the growing period, the yield of leafy stalks and tubers, and the nutrient concentration and nutrient uptake of the yield were investigated for two Jerusalem artichoke varieties (Tápiói Korai and Tápiói Sima) in a field experiment involving mineral fertilisation. Considerable differences were observed between the dynamics of leafy stalk and tuber development in Tápiói Korai which has a short vegetation period and Tápiói Sima where the vegetation period is long. The maximum dry matter ratio between the tuber yield and the leafy stalk yield was 1:1 for Tápiói Korai and 1:4.5 for Tápiói Sima. During the period when the maximum aboveground biomass developed in Tápiói Korai, 100 kg·ha −1 N and P fertiliser resulted in the highest leafy stalk yield (38.34 t·ha
Introduction
On a world scale, Jerusalem artichoke (Helianthus tuberosus L.) is a crop of minor importance. Between 2006 and 2010 the growing area averaged 130,000 hectares worldwide, of which 78,000 ha was located in Europe. The major producers in Europe are Italy (50,000 ha), Spain (16,000 ha) and France (9000 ha). Averaged over the last five years, the tuber yield amounted to around 11 t/ha on a world scale and 10 t·ha −1 in Europe (FAOSTAT). Due to its multiple uses and excellent economic value, the Jerusalem artichoke deserves a higher ranking among the world's crops.
The species has great yield potential, producing 10 -20 t·ha −1 under poor conditions, 25 -40 t·ha −1 on moderately fertile areas and 45 -80 t·ha −1 under intensive conditions. Depending on the end-use and site conditions, the summer leafy stalk yield ranges from 15 -50 t·ha . The young leafy stalk yield can be used as fresh fodder or for silaging. Thanks to its good regeneration ability, it can be cut 3 or 4 times when the water supplies are favourable. The autumn leafy stalk yield has poorer fodder value, but can be used as litter, as raw material for the paper Industry or for biogas production, and as fuel. The tubers have a carbohydrate content of 10% -22%, consisting of 80% -90% inulin, 7% -14% sucrose and 3% -6% reducing sugars. In addition to the carbohydrates they contain 1.2% -2.0% protein, 0.2% fat and 2.0% -2.5% fibre. The tubers can be used for human consumption, livestock feeding and bioethanol production, and they can be processed into inulin-rich diabetic sweeteners [1] [2] [3] [4] [5] .
The development of the above and belowground organs of Jerusalem artichokes, the dynamics of biomass accumulation, the yield of tubers and leafy stalks and their chemical composition are all fundamentally influenced by ecological conditions, variety traits and the technology. Of the many factors involved, the most decisive are the water supplies, the yield potential and vegetation period of the variety, and the nutrient supplies.
In Thailand the effect of the location × genotype interaction on the tuber yield was examined for 15 Jerusalem artichoke clones with diverse genotypes, grown at 9 locations [6] . The tuber yield ranged from 3.0 -17.2 t·ha −1 under the poorest conditions and from 26.1 -38.9 t·ha −1 at the best location. Averaged over four years, differences in tuber yield of 15 -28 t·ha −1 were caused for the same genotypes by differences in the site conditions (water supplies, soil type).
The tubers begin to develop in July and August and growth continues until the foliage withers. The main period of tuber development for varieties with a short vegetation period is in August, while development continues into September and October for those with a longer growing period. Jerusalem artichoke is a relatively drought-tolerant crop, but the size of the tuber yield is determined to a major extent by the water supplies during the tuber formation period. Varieties with a longer vegetation period have greater water requirements and yields. However, the higher yield potential is only manifested compared with earlier maturing varieties if the tuber development period has good water supplies and if harvesting is carried out as late as possible [1, 3, [7] [8] [9] .
Jerusalem artichokes are able to accumulate great biomass, for which a large amount of nutrients are required. The crop has good nutrient use efficiency, however, as also shown by Raso [10] , who recorded the highest tuber yield (34 t·ha ) had no influence on the yield, and no N × K interaction was observed.
Among the macroelements, the N supplies were most decisive for the size and quality of the tuber yield and for the quantity of aboveground biomass. Excessive N supplies caused a considerable increase in the leafy stalk mass, with a reduction in tuber yield and harvest index. Tuber formation was negatively influenced by P and K deficiencies [11] [12] [13] [14] [15] .
Little attention has been given in fertilisation experiments to an analysis of the nutrient uptake and nutrient requirements of the crop. Angeli [1] and Izsáki [3] found the specific nutrient requirements of a 10-t tuber yield plus the corresponding leafy stalk yield amounted to 32 -46 kg N, 13 -23 kg P and 75 -100 kg K. There may, however, be considerable deviations in the specific nutrient uptake of Jerusalem artichoke, as the varieties and clones differ in terms of leafy stalk yield, tuber yield potential and the nutrient concentrations of the plant organs even under the same growing conditions. Seiler and Campbell [16, 17] examined the nutrient content of the leafy stalk yield of nine wild-growing Jerusalem artichoke populations at flowering and found significant genetic variability in the N, P, K, Ca and Mg concentrations of the leafy stalks of these wild populations. Similar results were reported for the nutrient concentration of the leafy stalks of ten varieties, with values ranging from 0.80% -1.78% N, 0.10% -0.25% P, 0.78% -2.97% K, 1.08% -3.23% Ca and 0.17% -0.26% Mg. Genetic variability could also be detected in the nutrient concentrations of the tubers, both for wild populations and for varieties. This great genetic variability in the nutrient contents of the plant organs was found to be suitable for classifying the origin of Jerusalem artichoke varieties and clones [18, 19] . In recent years, major sources [19] [20] [21] [22] [23] [24] have given the following ranges for the tuber nutrient content in terms of dry matter: 1.00% -1.70% N, 0.15% -0.48% P, 0.92% -2.62% K, 0.13% -1.48% Ca, 0.06% -0.24% Mg, 0.02% -0.04% Na, 16 - Cu and 9 -13 mg·kg −1 B. The accumulation of nutrients and their concentration and distribution in the various plant organs (stalk, leaves, stolon, tuber) may change substantially during the vegetation period. The nutrient content of the leafy stalk declines to a considerable extent during tuber formation [25] [26] [27] . Notable differences in yield potential and in the leafy stalk/tuber ratio were recorded between the varieties.
In the light of the above observation, the nutrient requirements of Jerusalem artichoke cannot be determined independently of the variety or variety group, and cannot be expressed in terms of generally applicable specific nutrient uptake values. The aim of the paper was to determine the dynamics of biomass accumulation in the plant organs, changes in nutrient concentration during the growing period, and the nutrient uptake of two Jerusalem artichoke varieties grown in a fertilisation experiment.
According to soil analysis carried out in autumn 2001, before the experiment was set up, the nutrient content of the ploughed layer was as follows (mg·kg [28, 29] , the soil has moderate P supplies, good K, Cu and Zn supplies and a high level of Na, Mg and Mn supplies.
The experiment was set up in a split-plot design in four replications. Factor "A" was the two Jerusalem artichoke varieties: Tápiói Korai (short growing period) and Tápiói Sima (long growing period), while factor "B" was the 13 fertiliser rates listed in Table 1 . The high rates of P and K fertiliser were applied partly to ensure the phosphorus and potassium required for three growing periods, and partly to create distinct supply levels in the soil. Nitrogen was applied in spring in the form of ammonium nitrate (34% N), while phosphorus and potassium were applied in autumn in the form of super-phosphate (18% 
Measurement, Plant Analysis
In order to study the dynamics of biomass accumulation, ), and on the last harvesting date the leafy stalk yield and tuber yield were recorded for the whole plot (24.3 and 21.6 m 2 ). For the analysis of leafy stalks, each sample consisted of one main shoot and the corresponding side-shoots for each plant. In the case of the tubers, five tubers were chosen from each plant. These were cleaned of soil, washed, pulpified and frozen until required for analysis.
The leafy stalk and tuber samples were analysed for the following nutrients: N, P, K, Na, Ca, Mg, Fe, Mn, Zn and Cu. For the determination of N, P, K and Na the samples were digested first with sulphuric acid and then with hydrogen peroxide, after which N and P were measured photometrically and Na and K using a flame photometer. The Ca, Mg, Fe, Mn, Zn and Cu contents were determined with an atomic absorption spectrometer (AAS) after hydrolysis with 2 mol·dm -3 KCl. The nutriaent concentrations are given in terms of dry matter, averaged over the fertilisation treatments.
Statistical Analysis
The data of the leafy stalk and the tuber yield were statis-tically processed using single-factor analysis of variance for each variety, according to the method given by Sváb [30] . The least significant differences (LSD) were given at the P = 0.05 level.
Results and Discussion

Leafy Stalk Yield
The accumulation of fresh and dry matter in the leafy stalks of the Tápiói Korai variety is presented in Tables  3 and 4 .
Averaged over the fertiliser treatments, 60% of the total fresh leafy stalk mass was accumulated by the 85 th day of the growing season, and 84% of the total aboveground biomass by the 115 th day. The maximum fresh leafy stalk mass was recorded on the 155 th day, so 40% of the total aboveground fresh mass was formed in the course of 70 days, between the 85 th and 155 th days of the vegetation period. The leafy stalks of this early maturing variety gradually withered from the last ten days of August, the leaves dropped, and only 22% of the aboveground biomass could be harvested on the 195 th day of the season ( Table 3) .
Averaged over the fertilisation treatments, the dynamoics of dry matter accumulation in the leafy stalks Table 4) .
The maximum values of fresh and dry mass were achieved in the leafy stalks of the Tápiói Korai variety on the 155 th day of the growing period, when the fresh mass was around 33 t·ha −1 and the dry matter around 11 t·ha −1 , averaged over the fertiliser treatments. When the effect of fertilisation was examined over the maximum biomass formation period, it was found that without fertilisation a fresh mass of 24.07 t·ha , and none of the fertiliser treatments caused a significant increase compared with this yield. The 100 kg·ha −1 rate of N fertiliser combined with 100 kg·ha −1 P fertiliser (N 1 P 1 ) gave a very similar yield (38.34 t·ha −1 ) to that achieved with N 3 . As the soil had good K supplies, the addition of 100 kg·ha −1 K fertileiser (N 1 P 1 K 1 ) had no significant influence on the fresh leafy stalk mass compared with N 1 P 1 . High rates of P and K fertiliser (P 2 , K 2 ) combined with 100 kg·ha −1 N led to a significant reduction in the fresh mass compared with N 1 P 1 . However, this negative effect of replenishment rates of P and K was not observed at the 200 and 300 kg·ha −1 N supply levels. In the early stages of the growing period the fertiliser effects were similar to those observed during the period of maximum fresh mass accumulation. When maximum dry matter accumulation was observed in the leafy stalks, the dry matter mass of the aboveground plant organs was 7.97 t·ha −1 without fertileiser. The effect of the various fertiliser levels on the dry matter content of the leafy stalks was very similar to that described for the fresh mass (Tables 3 and 4) .
The accumulation of fresh and dry matter in the leafy stalks of the Tápiói Sima variety is presented in Tables 5 and 6. The Tápiói Sima variety has a longer vegetation period, develops greater aboveground biomass and has somewhat different growth dynamics compared with the Tápiói Korai variety. Averaged over the fertilisation treatments, only 30% of the total fresh leafy stalk mass was accumulated by the 85 th day, and this figure only increased to 40% by the 115 th day. The maximum fresh leafy stalk mass was recorded on the 155 th day of the growing period. The most dynamic growth period was between the 115 th and 155 th days, when 41% of the total aboveground fresh mass was formed over a period of 40 days. The foliage gradually began to wither from the beginning of September, and 50% of the fresh leafy stalk mass could be harvested at the end of October (225 th day) ( Table 5) .
Averaged over the fertiliser treatments the maximum quantity of leafy stalk dry matter was recorded on the 155 th day. Dry matter accumulation was only at the 7% and 21% level, respectively, on the 85 th and 115 th day of the vegetation period, when the dry matter content of the fresh mass had reached 8% and 18%, respectively. The most dynamic dry matter accumulation was observed between days 115 and 155, when more than 18 t dry matter was formed per hectare in the course of 40 days, equivalent to around 80% of the total dry matter. At this time the dry matter content of the leafy stalks averaged 34%, and this did not change substantially until the end of October (225 th day). On average, 46% of the maximum dry matter could be harvested at the end of the growing period ( Table 6) .
The maximum fresh and dry matter yield of the leafy stalks of the Tápiói Sima variety amounted to around 68 and 23 t·ha −1 , respectively, averaged over the treatments. When the effect of fertilisation was examined during the period when the greatest aboveground biomass was accumulated (155 th day), the fresh mass of the leafy stalks was found to be 57.78 t·ha −1 without fertilisation. Only the highest rate (300 kg/ha) of N fertiliser gave a significant increase in fresh mass (71.30 t·ha ) was achieved when the 100 kg·ha −1 N rate was supplemented with P and K fertiliser (N 1 P 1 K 1 ). Further significant increases in aboveground fresh mass were recorded when the higher (200, 300 kg·ha ) N rates were applied in combination with P and K fertiliser. In the earlier part of the growing season (115 th day) only the N 1 P 1 K 1 level of fertilisation resulted in a significantly higher fresh mass than in the control, while at a later stage (195 th day) the highest leafy stalk mass was obtained in the N 1 P 1 K 1 and N 1 P 2 K 2 treatments. The effect of the nutrient supplies on the dry matter mass of the leafy stalks was very similar to that described for the fresh mass; in this case, too, the best fertiliser level was found to be N 1 P 1 K 1 (Tables 5 and 6).
Tuber Yield
The tuber yield data of the two Jerusalem artichoke varieties are presented in Table 7 .
At the end of September (195 th day), when the Tápiói Korai variety was harvested, the tuber yield without fertilisation was 40.43 t·ha −1 . When N fertiliser was applied alone, the 100 kg·ha −1 rate resulted in a significant yield surplus (8.59 t·ha ) led to a significant yield reduction compared to the 49.02 t·ha −1 yield achieved with 100 kg·ha −1 N. When this N rate was combined with P and K fertilisation, no significant increase in yield was recorded, while the 200 kg·ha −1 N rate only led to a significantly higher tuber yield when supplemented with P and K. Compared with the maximum yield (60.01 t·ha , N 2 P 3 ) the highest, 300 kg·ha −1 N rate (N 3 P 3 K 3 ) led to a significant reduction in the tuber yield.
The rainfall (137 mm) during the tuber formation period of the Tápiói Sima variety (August-October) was equivalent to the long-term mean, but was nevertheless unable to satisfy the water requirements of the crop in this stage of development. For this reason, the tuber yield of this variety was only 46% of that achieved for Tápiói Korai, averaged over the treatments. Without fertilisation, the tuber yield was 18.92 t·ha −1 at harvesting in late October (225 th day). This yield level was only significantly increased by the 200 kg·ha −1 N rate when supplemented with P and K. On this soil, which has moderate P and good K supplies, the yield-enhancing effect of P fertiliser is greater than that of K at the 200 kg·ha −1 N level. No further significant rise in the tuber yield was achieved at the 300 kg·ha −1 N rate combined with P and K fertiliser (N 3 P 3 K 3 ).
Total Biomass
The total biomass data for the two Jerusalem artichoke varieties, averaged over the fertiliser treatments, are presented in Table 8 .
Both the changes in the nutrient concentrations in the various plant organs during the growing season and the quantity of nutrients absorbed also depend on the biomass accumulation. The accumulation of fresh and dry matter in the leafy stalks and tuber yield of the two varieties during the vegetation period can be seen in Table 8 .
The dry matter content of the leafy stalks and tubers gradually increased as the growing season progressed. At sampling dates between the 85 th and 195 th days of the season the dry matter content of the leafy stalks of the Tápiói Korai variety amounted to 8%-18%-33%-38%, while that of the tubers was found to be 17.6% and 21.9% on the 155 th and 195 th days respectively. In the case of Tápiói Sima, the dry matter content of the leafy stalks was 8%-18%-34%-36%-31% between days 85 and 225, while that of the tubers was 16.8%-18.8%-22.5% at the three sampling dates.
The maximum values of fresh and dry matter mass were recorded on the 155 th day in the early maturing Tápiói Korai variety. At this date 59% of the total dry matter mass (18.49 t·ha A comparison of the two varieties revealed a substantial difference in the accumulation dynamics of the leafy stalk and tuber yields and in the mass ratio of the yield components.
Nutrient Concentration
The nutrient concentrations in the leafy stalks and tubers of the Tápiói Korai Jerusalem artichoke variety are presented in Tables 9 and 10 .
With the exception of Ca the highest nutrient concentrations in the leafy stalks were recorded on the 85 th day of the growing period (12 Jun), when 9% of the total dry matter content had formed and tuber formation had not yet begun. Over the next 30 days the aboveground shoot system grew intensively, resulting in dilution, especially for the N, P and K concentrations. The reduction in the nutrient concentration was 20% for N, 17% for P and 33% for K, while only moderate dilution could be detected for the other nutrients. The tuber formation of the Tápiói Korai variety began in the middle ten days of July (115 th day), and the most intensive leafy stalk and tuber formation was recorded over the next 40 days (between days 115 and 155), when 73% of the total dry matter was accumulated. The greatest decline in the nutrient concentrations was observed during this growth period. Compared with the initial concentrations (100%, 85 th day) the concentrations in the leafy stalks dropped to 36% for N, 56% for P, 39% for K, 62% for Mg, 66% for Cu, 77% for Zn and Mn and 42% for Fe. Little change was observed in the Na concentration during the growing period, while the Ca concentration was greatest at the end of the growing season. The leafy stalks started withering from the end of August, which was associated with a further decrease in the nutrient concentrations by harvest ( Table  9) .
The tuber yield of the Tápiói Korai variety was analysed on days 155 and 195. The N content of the tubers was highest at harvest (1.66%), while the P content did not change (0.37%) and the K content dropped steeply (2.09%). The Ca and Mg contents of the tubers were exemely low compared to those of the other macroelements (0.09% -0.14%). The microelement contents of the tubers declined up to harvesting, with the exception of the Fe content which increased ( Table 10) .
The nutrient concentration data for the leafy stalks of the Tápiói Sima variety are presented in Table 11 .
On the 85 th day of the growing period (12 Jun) both Jerusalem artichoke varieties had similar dry matter mass in the leafy stalks (1.60 t·ha −1 ). Nevertheless, the N, P, K and Ca contents of the Tápiói Sima variety were considerably lower than those of Tápiói Korai. In the Tápiói Sima variety, 7% of the total dry matter had accumulated by the 85 th day of the vegetation period and 21% by the 115 th day, with no significant change in the nutrient concentration of the leafy stalks. The greatest extent of dry matter incorporation was detected between the 115 th and 155 th days, when 79% of the total dry matter was accumulated in the course of 40 days and a considerable dilution of the nutrient concentrations was observed, amounting to 26% for N, 12% for K, 11% for Ca and 28% for Mg. Tuber formation did not begin until the second half of August in the Tápiói Sima variety, and the tuber yield made up 2% of the total dry matter mass on the 155 th day of the growing season. The intensive period of tuber formation occurred between the 155 th and 225 th days, when the translocation of nutrients into the tuber began, accompanied by the withering and collapse of the leafy stalks. This process resulted in a considerable decline in the nutrient concentration of the leafy stalks, which meant that only 23% of the initial nutrient concentration (85 th day) could be detected for N, 37% for P, 36% for K, 70% for Ca, 75% for Mg, 66% for Mn and 72% for Fe.
Changes in the nutrient contents in the tubers of the Tápiói Sima Jerusalem artichoke variety during the growing season can be seen in Table 10 .
The nutrient concentrations in the tubers were highest on the 155 th day of the vegetation period, at the beginning of tuber formation, with the exception of Na and Fe.
By harvest (225 th day) the nutrient contents decreased, by 13% for N, 20% for P and 33% for K. The contents of Ca, Mg, Cu, Zn and Mn were 40% -50% lower at this stage than at the start of tuber formation. The tuber Fe concentration declined to the greatest extent (by almost two-thirds), while the Na content increased. A compareson of the nutrient contents in the tubers of the two varieties at harvest revealed that the N content was higher in the Tápiói Sima variety than in the Tápiói Korai variety, while the Mn and Fe concentrations were lower. No great differences were observed for the other nutrients.
Nutrient Uptake
Data on the nutrient uptake of the Tápiói Korai Jerusalem artichoke variety are presented in Table 12 . The most intensive accumulation of the nutrients N, P, K, Mg, Ca, Cu and Fe in the leafy stalks was observed between the 85 th and 115 th days of the growing season. The maximum incorporation of nutrients in the leafy stalks was recorded on the 155 th day. The most dynamic nutrient accumulation period for the tubers was between days 115 and 155 of the vegetation period, after whichnutrient incorporation into the tubers became less intense. The maximum nutrient uptake of the whole plant (leafy stalks + tubers) was observed on the 155 th day. These values were used in calculating specific nutrient uptake, as this was the nutrient quantity required for yield formation.
The specific nutrient uptake data for the Tápiói Korai Jerusalem artichoke variety are presented in Table 13 . The specific nutrient uptake required for 10 t tuber yield plus the corresponding leafy stalks was calculated on the basis of the maximum nutrient uptake and the tuber yield at harvest as: 48 kg N, 10 kg P, 83 kg K, 30 kg Ca and 10 kg Mg.
The nutrient uptake of the Tápiói Sima Jerusalem artichoke variety during the growing season can be seen in Table 14 .
The most intensive period of dry matter and nutrient accumulation in the leafy stalks was observed between the 115 th and 155 th days. At the end of this period the dry matter mass of the leafy stalks was around 23 t·ha −1 , nutrient uptake had reached a maximum, and a total of 355 kg N, 66 kg P, 660 kg K, 188 kg Ca and 99 kg Mg had been incorporated. In this later maturing variety tuber formation began later, in the second half of August, and the greatest nutrient accumulation in the tuber yield was observed in October. The maximum nutrient uptake for the whole plant (leafy stalks + tubers) was recorded on the 155 th day of the growing period, and was almost equivalent to the quantity of nutrients incorporated into the leafy stalks, as tuber formation had only just begun. By the end of the growing period (225 th day) 40% of the maximum nutrient uptake could be detected for N, 45% for P, 34% for K, 39% for Ca and 52% for Mg.
The maximum quantity of nutrients absorbed and the tuber yield at harvest (22.4 t·ha ) were used to calculate the specific nutrient uptake. In the case of the Tápiói Sima variety, the specific nutrient uptake for 10 t tuber yield plus the corresponding leafy stalks amounted to 162 kg N, 30 kg P, 300 kg K, 84 kg Ca and 45 kg Mg.
A comparison of the two varieties shows that the specific three times that of the Tápiói Korai variety ( Table  12 ). This could be explained by the fact that the leafy stalk yield of Tápiói Sima was twice that of Tápiói Korai, while the tuber yield was only half as great. There was thus a substantial difference in the proportion of the maximum dry matter mass in the tuber yield and the leafy stalks, which was 1:1 for Tápiói Korai and 1:4.5 for Tápiói Sima.
Conclusions
Substantial differences could be observed between the dynamics of growth, biomass accumulation and tuber formation in the early maturing Jerusalem artichoke variety Tápiói Korai and the late maturing variety Tápiói Sima. The most intensive period of main stalk growth was between the 85 th and 115 th days for Tápiói Korai and between the 115 th and 155 th days for Tápiói Sima. Averaged over the fertiliser treatments, the maximum total biomass of both varieties was recorded on the 155 th day, but there were considerable differences in the share of the leafy stalks and tubers in the total biomass. At this stage the tuber yield made up 56% of the biomass in Tápiói Korai and 4% in Tápiói Sima. This ratio rose to 87% and 40%, respectively, by harvest. The ratio of tubers to leafy stalks in the maximum dry matter mass was 1:1 for Tápiói Korai and 1:4.5 for Tápiói Sima.
During the period when the maximum aboveground biomass was formed, 100 kg·ha −1 rates of N and P fertileiser resulted in the greatest leafy stalk yield (38.34 t·ha −1 ) for Tápiói Korai. In the case of Tápiói Sima, which produced a substantially greater leafy stalk mass, the highest quantity of aboveground biomass (78 -80 t·ha ) N rate without P or K led to a decrease in the tuber yield of Tápiói Korai. The highest tuber yield for both varieties was achieved with 200 kg·ha −1 N supplemented with P and K fertiliser. The highest nutrient concentration in the leafy stalks was recorded on the 85 th day of the growing season, prior to intensive dry matter accumulation in the stalks and before tuber formation began. The greatest reduction in the nutrient content of the leafy stalks was observed during tuber formation. Maximum nutrient uptake was recorded for both varieties on the 155 th day, when 230 kg N, 50 kg P, 398 kg K, 146 kg Ca and 50 kg Mg had been incorporated into the total dry matter (18.49 t·ha ). Great differences were observed in the specific nutriaent uptake of the two varieties, as there was a substantial deviation in the ratio of the tubers and leafy stalks in the maximum dry matter mass. The specific nutrient uptake required for 10 t tuber yield plus the corresponding leafy stalks was 48 kg N, 10 kg P, 83 kg K, 30 kg Ca and 10 kg Mg for Tápiói Korai, and 162 kg N, 30 kg P, 300 kg K, 84 kg Ca and 45 kg Mg for Tápiói Sima.
